, the device may be reset (2) and set (3) repeatedly to cycle between 'on' and 'off' states. The state of the device may be read by applying a small bias, usually 0.5 V. At this voltage the resistance contrast between the 'on' and 'off' states is around three orders of magnitude. 
Fig. S1. Enlarged version of
, the structure and electrical characteristics of our devices. (a) Device schematic showing our individually patterned TiN/SiOx/TiN devices on a SiO2/p--Si substrate. (b) Typical switching characteristics for our metal--insulator--metal devices. Following an electroforming sweep (1), the device may be reset (2) and set (3) repeatedly to cycle between 'on' and 'off' states. The state of the device may be read by applying a small bias, usually 0.5 V. At this voltage the resistance contrast between the 'on' and 'off' states is around three orders of magnitude. ) to (e) CAFM cross--sections at equal intervals through the switching layer showing the internal structure of the filament, with clear lateral variations in current at different depths into the SiOx. Note that there is some drift evident in the cross--sections that is likely instrumental and a result of the large forces applied to the sample during scanning. As a result of the drift the filament intercepts the edge of the scan region, causing a flattening of its lower edge. The rendering in (a) has been shown from an angle that best displays the columnar structure rather than the drift. 474 slices with a lateral resolution of 3.1 nm were used in this figure. to (e) Selected cross--sections through the SiO x , showing the emergence of the bottom electrode and its convergence with the primary growth pathway. Again, the internal, inhomogeneous structure of the filament is evident. 513 slices with a lateral resolution of 3.9 nm were used in this figure. There appear to be at least three constituents to the overall growth, although the smallest of these is only a few nanometres high. The main filament is very straight, although it becomes slightly conical as it approaches the bottom electrode. Note that a single slice has been removed due to high levels of noise that saturated the scan area. 
